Introduction
Tobacco is one of the greatest public health threats of modern times. It utilizes a substantial number of resources of the health care system of Pakistan both for treatment and for prevention [1] . The World Health Organization (WHO) currently estimates 5.4 million deaths every year due to tobacco use [1] . In the 21st century the estimated tobacco deaths will go up to one billion [1] . If urgent action is not taken it is expected that by 2030, there will be more than 8 million tobacco deaths every year of which more than 80% of tobacco deaths will occur in the developing countries [1] .
Unfortunately funding for tobacco control is less than that for HIV/AIDS although tobacco kills far more people; therefore more funding is required for its prevention [2] . Till date only 27 countries have made an attempt to control tobacco usage by imposing tax rates of more than 75% on the retail price of tobacco [3] . However, the dilemma is that the epidemic is shifting towards the developing countries and it is predicted that 80% of tobacco-related deaths within a few decades will occur in the developing countries [1] . This devastating shift to the developing countries is due to the fact that the global tobacco industry is targeting young adults. Fifty five percent of households in Pakistan have at least one individual who smokes tobacco [4] . However there are no data available to measure the expenditure for treating diseases caused by tobacco in Pakistan. WHO estimates that currently worldwide 150 million adolescents are using tobacco [5] . Recent reviews conclude that the school environment has an influence on the behavior of the youth, their indulgence into alcohol, drug use and crime [6] . School plays a very crucial role in a child's development; therefore it is observed that mostly the smoking prevention programs are school based [7] . However, there is dearth of information about the influence of school environment on the adolescent smoking behavior. Substantial research has been done addressing the factors associated with adolescent smoking at individual level but to the best of our knowledge there is scarcity of data reporting the influence of school environment on adolescent smoking behavior.
Moreover, majority of epidemiological studies addressing health and smoking issues are survey-based which are carried out, either in the communities, in clinics, in hospitals or in schools. For conducting studies at such setting, survey is not sufficient in fact that there is a need of multi-stage sampling strategy that would incur a hierarchical structure.
It is observed that if clustering effect is ignored during the analysis stage and it is performed using individuals as the unit of analysis, the lower standard errors and p-values obtained from the individual level analysis will be incorrect, and can result in misleading inferences and conclusions regarding the significance of different factors [8] . Hence, the multilevel modeling approach indicates that variation in smoking prevalence between schools is not only due to differences in pupils' composition at the individual level, but also due to social and environmental effects at the school level [9] .
There was a Survey on Teenage Smoking in Schools in Pakistan (STSSP) conducted and the objective of this study was to estimate the prevalence of, and to identify factors associated with, the smoking status of school going male adolescents in Karachi, Pakistan [10] [11] . In this study the investigators employed a two-stage cluster sampling strategy with stratification based on school type (public and private) to select students nested within schools (clusters). They conducted ordinary logistic regression analysis to identify factors associated with the smoking status of school going male adolescents [10] [11]; however, they did not take into account the multilevel nature of the data in their analysis which led to lower standard errors and the p-values obtained from this individual level analysis were misleading resulting in ambiguous inferences and conclusions.
Therefore the aim of this study was to identify the factors that may influence the uptake of smoking in male adolescents attending schools in Karachi, Pakistan. We took into account the multilevel structure of the survey sampling design and to address this we performed a multilevel random effect logistic regression model and GEE.
Methods
This was a school based cross-sectional study that was conducted in 3 Towns of Karachi i.e. Gadap Town, Bin Qasim Town and Malir Town. Two staged cluster sampling stratified by school type was employed to select schools and students. We recruited and interviewed 772 boys 431 from 15 public and 341 from 11 private of Karachi, Pakistan [10] . This study is a part of our original project "Prevalence and factors associated with smoking among school going adolescents in Karachi, Pakistan" whose primary objective was to estimate the prevalence and evaluate factors associated with smoking among school going teenage boys. Thus the sample size (n = 772) for our current study was achieved on the basis of our primary study and the details for the sample size estimation are given elsewhere [10] .
Written consent was taken from individual school authorities for interviewing their students. The questionnaire included questions on socio-demographic factors, including age, ethnicity, religion, highest level of parental education, occupation of parents (proxy indicators for socio-economic status), smoking history of family and friends, number of siblings and place of residence, smoking behavior of the student, and the age and particular reasons for initiation of smoking. We also asked the students about the frequency of smoking [10] . The binary outcome variable, current smoking status (smoker or non-smoker), was assessed based on self-reported 30 days prevalence of cigarette smoking (that is whether or not the subject had smoked a cigarette in the past 30 days) [12] .
Statistical Analysis
Since both individual and school level factors associated with smoking status of adolescents were analyzed, multilevel modeling and GEE were applied. We compared our results with an ordinary logistic regression model, to highlight the differences in interpretation that an inappropriately specified model can make. We also developed a random coefficient model to assess if the variability between schools was different for public and private schools.
The random effect logistic regression model can be stated as:
where random effect
and π ij was the probability that the i th student in the j th cluster was a smoker. z j denotes the cluster level variable (school type). z j = 1 for public schools and z j = 0 for private schools. x ij was a vector of the student level explanatory variables. β 1 was the regression parameter for the cluster level variable, β 2 was the vector of regression parameters corresponding to the student level variables and β 0 was the intercept in this model. The variance of the normally distributed random effects 2 u σ , accounts for the unaccounted heterogeneity between schools.
It was also interesting to assess if the variability between schools was different for public and private schools. The random coefficient model was stated as: σ the variability between the public schools. We also analyzed our data by GEE regression analysis. In our study it was reasonable to assume that correlation for any pair of students within one school would be the same; this correlation structure is referred to as "exchangeable".
We used the NLMIXED procedure in SAS version 9.2 to estimate the random effect and the random coefficient model. The SAS PROC GENMOD was used to fit the GEE model (22).
In the multivariable model we retained only those independent variables that were significant at 5% level using a likelihood ratio test. In the multivariable model interactions were also assessed. For the purpose of comparison ordinary logistic regression model was fitted including the fixed effects variable that was identified in the multivariable random effect model.
Results
In STSSP 772 male students were interviewed from both public and private schools, with a response rate of 100%. Of the 772 adolescents, 431 (55.8%) were from 15 public schools and 341 (44.1%) were from 11 private schools. The prevalence of smoking among the public and private school male students was (18.1%) and (8.2%), respectively, and the overall prevalence among the school going male adolescents was 13.7%.
The mean (SD) age in years of the students in both the public and private schools was 14.90 (SD 1.24). The range of age group for our sample population was between 10 to 16 years. The average age at which the student started smoking was 13.1 (SD 2.32) years. Our study population represented all the ethnic groups living in Pakistan. Among all those who smoked sixty-two percent of adolescents reported enjoyment as the reason for initiating smoking while 18% reported advertisements as the reason for initiation of smoking. Moreover, fifty percent smoked cigarettes by purchasing them, and 50% borrowed them from their friends.
Fit of the multivariable random effect logistic regression model, GEE, and ordinary logistic regression are reported in Table 1 . The school level variable was not found to be significant (adjusted OR = 1.71; 95% CI: 0.70 -4.26) at 5% level of significance after adjusting for student's age, mother's education and parental, family and friends smoking but our data gave us the evidence that public school children were more likely to smoke. The variance of the random intercept for schools was estimated as 0.61 (standard error 0.31). The resulting chi-square test indicated that there was significant variability (p-value < 0.01) between schools and there was an immense need to take between cluster variation into account for an adequate analysis. The ICC was 0.16 for the teenage smoking data.
At the individual level the results indicated that with every one year increase in age the odds of smoking increases 1.22 times after adjusting for other variables in the model (adjusted OR = 1.22; 95% CI: 1.01 -1.53). Mother's education was found to have a protective effect; the risk of smoking among children whose mothers were educated was 0.51 times the risk as compared to those children whose mothers were not educated (adjusted OR = 0.51; 95% CI 0.26 -0.98). Parents smoking (adjusted OR = 1.78; 95% CI: 1.03 -3.09) and family smoking (adjusted OR = 1.80; 95% CI: 1.08 -2.97) was also found to have a significant effect on the smoking habits of adolescents attending schools. The odds of smoking among teenage males whose friends were smokers was 6.04 times relative to those whose friends were not smokers (adjusted OR = 6.04; 95% CI; 3.63 -10.17).
In the ordinary logistic regression model public school was significantly associated with the outcome variable. The GEE analysis provided an estimate of the working correlation as 0.04. The random coefficient model indicate that the variability in log odds of smoking among schools was not different for public and private schools (p-value > 0.05).
Discussion
Our study indicates that smoking by peers, and to a lesser extent by parents and family has a strong influence on the uptake of smoking in male adolescents attending schools in Pakistan. The estimated odds ratio for the effect of age on smoking suggests a 20% increase in the uptake of smoking with every one year increase in age. Moreover, mother's education was a protective factor for adolescent smoking; all those adolescents whose mothers were educated were 50% less likely to smoke. These findings suggest that we need interventions that focus on educating students and families. The fact that more educated mothers have a protective influence on their adolescents' smoking habits is also an important finding when introducing smoking cessation programs.
Furthermore, having friends who smoked was found to be the most important predictor for teenage smoking. In teenage peer pressure or peers relationship becomes much stronger than family and thus adolescents are more influenced by the behavior of their friends. We would like to highlight that there is a need of some school specific smoking cessation education or intervention program in future studies.
The school level findings are interesting in the context of public health for understanding variation in teenage smoking attributable to the school environment and for developing appropriate strategies for intervention. To improve the understanding of the school effect on teenage smoking it is important to consider a multilevel analysis approach since ordinary logistic regression model does not allow for between cluster variability, and hence it underestimates the standard errors of the regression parameters and overstates the statistical significance of the variables and produces a significant association of public (versus private) school with adolescent smoking. Therefore in our study we conducted a multilevel analysis and we found significant between schools variation suggesting that the factors within certain school environments do influence children's smoking habits more than the others. Our study results were consistent with the findings from other studies [13] . School level factors therefore warrant attention, and hence there is a need to collect information at school level to understand the differences between school level factors.
The parameter estimates and standard errors for GEE models may be biased for studies with a small number of clusters (n < 30), especially if the clusters are severely unbalanced [14] [15] . In this study schools were considered as clusters and the size of each cluster was sufficiently large. We interviewed on an average 20 to 25 students from each school and a total of 26 schools were sampled.
There were some limitations of this study. We could not make any biomedical validation of self-reported current smoking status due to economic constraints. However studies of adolescents have shown that self-reported substance use by adolescent provides highly reliable data [16] such that accuracy of reporting may not adversely affect the quality of the outcome.
Conclusion
The education of school children with respect to the detrimental effects of smoking and influence of the school environment is one way of addressing the health of the future generation. Public health campaigns for smoking cessation should target not only the individual but also the families of adolescents attending schools.
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